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FOREWORD

The U.S. Army Aviation Development Test Activity (USAAVNDTA) was
responsible for the planning, execution, and reporting of this
study. USAAVNDTA acknowledges Essex Corporation for its effort in
all phases of this study.
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SECTICON 1. SUMMARY

1.0 [LACKGRGUMD. The Test and Evaluation of Cockpit Lightino Systems has
evoivea cver the years from simple unstructured subjective evaluction to an
evaluation process using sophisticated insirumentation and exacting criteria.
Corplicating the situaticn was the use of night vision goggles (NKVG) in
varicus configuraticrs that imposed a whole new set of reguirements or the
lighting system. The red-colored lijghting systems used since the dewn cf Army
¢viction have been scrapped and replaced with blue-green systems. liew speci-
fications have been written to gecvern lighting system design and the nebulous
concept of "NVG compatibility."

No test and evaluation guide for cockpit lighting existed and nhuman
factors practitioners had to determine how to conduct & lighting test on an
impromptu basis. The definition of terms, specification of test egquipn :nt and
environmental conditions was not standardized. This was especially ..ue of
NVG compatible lighting systems. Testing agencies and developers were rct
always in agreement on the procedures, instrumentation and analysis of test
rasylts.

It became clear that a uniform methodology for testinc cockpit lighting
systens needed to be ceveloped for use by test personnel. This docurent
dttempts to correct this deficiency.

1.2 GOBJECTIVE. This document seeks to provide a set of baseline procedures
for testing aviation cockpit lighting systems. These procedures include a set
of definitions, instrumentation and facility requirements, and references.

1.3 SUMMERY OF PROCEDURES.

1.2.1 A search was made for all documents containing criterie relating tc
aircraft cockpit lTighting systems. Emphasis was placed on those cocuments
applicable to Army aviation, but Navy and Air Force documents were rot
excluded. Next, & search was made for sources of lighting system test pro-
cedures that are zccepted by the communitv cf technical specialists involved
in cockpit lighting. £ final ingredient in this methodology investication was
the integration of procedures developed at the U.S. Army Aviation Develop-
ment Test Activity (USAAVNDTA) in the course of past lighting system tests.
1.2.2 The document that was used most heavily was MIL-L-8576Z, Lichting,
Aircraft, Interior, AN/AVS-6 Aviator's Night Visicn Imaging System (ANVIS)
Compatible. This specification was published in January, 1986. This is a
comprehensive document covering most aspects of cockpit lightina, but
especially NVG compatibility.

1.4 SUMMARY OF RESULTS. This methodology investigation resulted in & draft
Test Operations Procecure (TOP) with sections of the TOP addressing specific
cockpit lighting issues. The draft TOP may be seen in Apperndix B. The main
sections include:

—



Cefinitions

Display luminance
ITluminance

Contrast

Ralance

tniformity

Sunlight readability
Cisplay color

dight vicsion geggle compatibility
Crewstation reflections
Lisnting mockup evaluations
references

OO0 O0OO0OOTTO DOC O

1.5 RECCMMENDATIONS. It is recommenaed that the craft TOP in Appendix B be
staffed ty this command through appropriate acencies, produced in final form,
aric submitted to HQ, TECOM for approval.
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SECTION 2, CETAILS OF IKVESTIGATION

The results of this investigaticn rave been put in the format of a TECCM
The cratt TOP may be seen in frpenaix B,




APPENDIX A
METHODCLCGY INVESTIGATION
PROPCOSAL AND DIRECTIVE




DEPARTMENT OF THE ARMY
HEADQUARTERS. U.S. ARMY TEST AND EVALUATION COMMAND
ABERDEEN PROVING GROUND. MARYLAND 21006 — 6055

REFPLY TO
ATYENTION OF

LMSTE-TC-M R

(%3}

Im

T
.

: Y8BT PDTE Methodology Improvement Progrem Directive

er

U.8. Army htvietion Develcpment Test
LCctivily

~TIN: STESG-MP-P

Tort Rucxer, AL 36362-5276

1. Reference TECOM Regulation 70-12, dated 29 May 1985, subject: TECOM
¥zctnodology Investigations.

2. This letter constitutes a directive for “he investigations listed in
¢nclicsure 1 under the TECOM Methodology Improvement Prograc 1w665702D625.

-
e

The MIPs at enclosure 2 are the basis for headquarters approval of the
nvestigations.

L, Spec.al instructions:

a. All reporting will be in consonance with paragrzph 9 of the reference.
The final report will be submitted to this headquarters, ATIN: AMSTE-TC-M, in
~onsonance with Test Event S570/580. Each project shzil be completed in FY87 as

reflected in the scheduling.

b. TRecommendations for new TOP's or revisions to existing TOP's will be

inclucded zs part of the recommendation section of the fipzl report. Final
decisicrn on the scope of the TOP effort wilil be mazde by this headquarters as
part of the report approval process.

2. The addressee will determine whether any cless:fiec information is

invecived, and will assure that proper security measures zre tzken when
approrcrizte, 211 OPSEC guidance will be stirictly followed during this

investigation,

d. Prior to test execution, the test activity will verify that no safetly
or cotential nealth hazards to husens participating iz testing exist. If
safety or nealth hazards dc exist, the test activity will provide z
sazfety/health hazards zssessment statement to this headquarters prior to test
irnitileticn,
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1MSTTLTC-M 11 Sgr -
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JZICT: FVY87 RDTE Methodology I-provement Program Directive

a, Envirormental dccumentaticn f2r support tests or speclal studles is the
respeoneibility of the test activizy znd will te zplizhed :

- -

iniziaticn of the investigation/stud;

. Upon receipnt of this directive, test milestone schedules zs established
In TRMS TI data base will be rev"wed in light cf other kncwn worxloazd and
crojected zvailable rescurces, If rescheduling is necessary and the sgonsor
sonconcurs, a letter citing particuiars, together with recomrzendations, will be
ferwarded to Commander, U.S. Army Test and Eveluation Commznd, ATTH:
1MSTEZ-TC-M, with an information copy to AMSTE-TE-C, no later than 1€ ca
iays Trom the date of this letter. Rescnedules concurred in by the spe
ce entered directly along with a precperly coded rnarrative Ly your
installation/test activity.

lendar
nsor can

g. All work shall be performed such that energy consuzption and
conservation are considered throughout the effort.

2. The BQ, TECOM POC's for indivicdual investigations are listed In
enclosure i, AMSTE-TC-M, AUTCVON 298-2170/3677.

i. FVY87 RDTE funds authorized for the investigations a2re listed on
enclosure 1. DARCCM Form 1006 will be forwarded by the TEICCM Resource
Management Directorate. A cost estimate shall be submitted within 30 days
following receipt of this directive,

- -~

5. TECOM - Providing Leaders the Decisive Edge.

FOR THE CCMMANDER:

-~ A )
/// GROVER H. SHELTON
Chief, Methodology Improvement
7 Division
Directorate for Technology
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PDTE METHODOLCGY INVESTIGATION PROPQOSAL

December 1985
1. TITLE. Human Factors Engineering Test Procedure for Army Aviation
(Illumination)

2. SATEGORY. Soldier/Machine Interface, Area A.

3. FIELD QPZRATING ACTIVITY. US Army Aviation Development Test Activity (USAAVNDT
Fors Rucker, Alasama 233382,

4. FRINCIPAL INVESTIGATOR. Mr. Roy L. Miller
Chief, Plans Branch
STEBG-MP-P AUTOVON 558-58167

S. STATEZMENT OF PROBLEM. The test and evaluation of aircraft cockpit lighting
15 critical since all of the p11ot s visual information during night operations
is cependent on the adeguacy of the lighting system. Aircraft lighting is
soverned by at lezst eight Military 9pef1.1cauvons and tandar‘s. and at least
one new Military Standard (concerning night vision goggle compatibility) is
Seing generated. Test procedures for measuring the adequacy of lighting systems
are not documented, especially those that are night vision goggle compatible.
Accaptable instrumentaticon and test facilities are currently rnot defined.

€. BACKGROUND. For the past several years, the Activity has relied on a con-
tractor to conduct Human Factors Engineering (HFE) evaluations of aircraft
lighting. As 2 resuit, the Activity has bacome dependent upon a coniractor

Ter 2 service that could be lost at any time cue to e funding shortage, Tailure
t0 award the contract to the same contractor, or contractor’'s loss of personnel
experienced in 2ircraft lighting. The Activity's in-house expertise is very
1imited, but with properly documented procedures, our in-house personnel could
2zzomplish the required tasks until more effective arrangements could be mede.
e is an urgent requirement tc develop these detailed procadures.

oy
(L}
-3

7 GOAL. Produce a document that explains the objectives, criteria, data
required and data acquisition procedures for measuring lignting system adequacy

‘ncluding night vision goggle compatibility

€. DESCRIPTION OF INVESTIGATION. The USAAVNDTA will:

:. Devalop cetailed testing oroce2cur-z¢s For concucting HFI zvaiuaticns
cTozdecezde TdignTing Trzse arscadurss -0 Tike frtz zonsizs-ztion 200 zoolica-
tiz omilitery stancearcs ang sseciTicalico: Ens otne zrsiilziic-s oY TnziroIrilarmie

m1Z lne zrocadures

5. Procedure will consicer applicazion of cualitative ang zuantitative

Tz2c5yrement technicues and the cdavelonmant c¢f stancarcized cuzstionnaire tech-
rigues.,
A-4
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TITLZ: Human Factors Engineering Test Procedure for Army Avietion (Illumina-
sion) (continued)

. A detailed procedure will Se published in test plan Torm which will
1ized by test project cersonnel in the sreparation 73r and eccomslishment
val
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5. Present Capadility, Limitations, improvement, and Impact on Testing
If not Approved. .ne present procedure is to utilize centractor personnel
10 conduct rre evaluations of aircraft lighting systems. There are occ2sions
when the contractor becomes overloaded due to remote site testing, and it bacomes
necessary Tor a project officer to collect HFE data. When this occurs, it
is mandatory that he have available a "cookbook" that provides a detailed descrip-
zion of data required, data acquisition procedures, and analytical methods.

c. Dsllar Savincs. With these procedures, testing costs could oce reduced
cue 0 r=ow#ed depencence on contractor testing. it is estimated that one
in-house effort of 160 man-hours a year will be accomplished as a result of
<nis investigation. Given an average labor rate of $12.00 per hour for in-house
lzpor 'and $41.00 per hour for the contractor, it is estimeted that the cost
avoidance will be $4,480 per year.

d. Workload. It is not anticipated that there will be any change in
workicad 2s a result of this investigation.

A-5




APPENDIX B
CRAFT TEST QPERATIONS PROCEDURE:
HUMAN FACTCRS ENGINEERING
TESTING OF AIRCRAFT LIGHTING SYSTEMS

B-1




RAEFT

U.S. ARMY TEST AND EVALUATICN COMMAND
TEST OPERATICONS PROCEDURE

AMSTE-RP-702-10X

Test Operations Procedure (TOP) 7-2-512 25 February 1988
AD No.

HUMAN FACTCRS ENGINEERING TESTING OF
AIRCRAFT COCKPIT LIGHTING SYSTEMS

Page
Paragraph 1. SCOPE. & v v v v et e e e e e e e e 1
2. FACILITIES ANC INSTRUMENTATION . . . . 2
3. REQUIRED TEST CONDITIONS . . . . . . . 4
4, TEST PROCEDURES. . . . « ¢« v « o v « & 6
4,1 Display Luminance. . « « « ¢« « & « o & )
4,2 Illuminance. . . . . . . C e e e e e 7
4,3 Contrast . . « & v v o o ¢ 4 s e e e e &
4,4 BalanCe. . « ¢ ¢ ¢« ¢« o o 4 o o 0w o 9
4,5 Uniformity . . . . . . . e e e e e e 10
4,6 Sunlight Readability . . . . . . . . . 11
4,7 Display Color. . . . « ¢« ¢« v v ¢« « &« & 13
4,8 Night Vision Goggle Compatibility. . . 14
4.9 Crewstation Reflections. . . . . . . . 16
4,10 Lighting Mock-up Evaluations . . . . . 17
5. PRESENTATION OF DATA . . . . . . . . . 18
APPENDIX A. DEFINITIONS. . . « « ¢« & ¢« & « & e .o A-l
B. CRITERIA . . . . ¢ ¢ ¢ o« ¢ « & e « « . B-1
C. LIGHTING MOCK-UP EVALUATION. . . . . . C-1
C. REFERENCES . . . ¢« ¢ ¢ ¢« v v ¢« ¢ « o & D-1

1. SCOPE. This TOP specifies procedures for testing the human factors engi-
neering aspects of cockpit lighting systems. There is a heavy reliance on
testing against quantitative criteria, as opposed to qualitative (subjective)
evaluations. The criteria listed in Appendix B serve as appropriate guide-
lines against which lighting tests are conducted. Specific test requirements
documentation should also be consulted.

While it is considered essential that qualitative evaluations of cockpit
lighting systems be conducted, the procedures for those exaluations are not
covered here. Other documents, Buch as TECOM TOP 1-2-610", Human Factors
Engineering, and TECOM PAM 602-1", Questionnaire and Interview Design
(Subjective Testing Techniques), contain guidance on how to collect this type
of data.

The test procedures in this TOP have been verified and conform to accepted

industry practices. The parameters being measured and analyzed have been
shown to have a direct bearing on crew system effectiveness and flicht safety.

dreference letters/numbers match those in Appendix D, References.
Approved for public release; distributicn unlimited.

B-2
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2., FACILITIES AND INSTRUMENTATION.

d.

(1)

(2)

(3)

FACILITIES.

ITEM

Darkened hangar or
other enclosure

USAF 1951 medium-
contrast targets

Landolt C-ring

f4) Artificial sun

(5) Calibrated reflectance
standard

INSTRUMENTATION.

DEVICES FOR MEASURING

(1)

Luminance/i1luminance .
in the ragge of 1 x 195“
tolx 10, and 1 x 10

to ! x 10" respectively
(e.g., photgmeter - see
MIL-L-85762™, para B40
and B50)

T0P 7-2-512

REQUIRKEMENTS

Facility must be a light con-
trolled environment free from
all extranecus light scurces.
The ambient illumination level
must be,strictly limited to

i x 10 7 fc or 1% of the light
source being measured, whichever
is less. Power must be avail-
able to operate &ll aircraft
Tighting systems and displays
including CRTs used for target
acquisition and multipurpose
displays.

Described in MIL-S7D-1501

Square white target board with

a circular “C" centered on the
board. The gap in the C must be
equal to the thickness of the
ring and 1/5 the ring diameter.
Overall ring dimensions should
be appropriate for the testing
distances used (see fig. 1).

Lamp capable of illuminating
displays at 10,000 fc operating
at 3,000 to 5,500 degrees Kelvir
(preferably 5,000°K or above).

Prepared white surface having a
diffuse reflectance of 80% or
higher.

PERMISSIBLE
ERROR OF MEASUREMENT

1 x 10 fc. Spot size must be
noc greater than 4 stroke width
of display characters measured.
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Figure 1. Landolt C-Rina




25 February 1988 TOP 7-2-512
(2) Spectral radiance See MIL-L-85762, para B30,
(3) Chromaticity See MIL-C-25050°, para 4.3

3. REQUIRED TEST COMDITIONS

a. The cockpit lighting issues addressea in this TOP pertain to both day
ard night conditions. The worst case condition for daytime use of displays is
under direct shaftinc sunlight which is defined as 10,000 footcandles (fc) at
spproximately 5,000°K. At night, displays must be lighted for use during
visually uraided flight as well as when using visual aids such as night vision
goggles (NVG).

b. Test conditions for night lighting will require an extremely dark
environment so that photometric measurements will be valid. The testing
environment rarely allows the measurement of individual displays, or groups of
displays, in a lighting laboratory as is the case during manufacturing or
engineering development. Measurements during testing are normally made in the
cockpit of the aircraft which requires a large darkened enclosure with a con-
trolled 1ight environment.

c. The facility for making 1ight measurements shogld be free of any
artificial light source and darkened to at least 1 x 10 ' fc, and the
preference is to have a light level so Tow that it is not measurable. A
strict requirement is that environmental light must not contribute more than 1
percent of the value being measured. Lighting measurements should not be made
if this requirement cannot be met.

d. The order in which tests are performed is not important, however, the
availability of test items and facilities must be considered when constructing
the test schedule.

e. Care shculd be taken to block light sources from the photometric
measuring device displays. Persons making the light measurements should wear
dark colored clothing to avoid reflecting light back tc the source display and
influencing the photometer accuracy of the measurements.

&. TEST PROCEDURES.

4,1 Display Luminance.

a. Method.

(1) Ensure that displays are powered by the same voltage that is
applied in the cperational environment. Failure to apply the correct voltage
will result in light measurements which are not representative of the display
in use.

(2) Make at least eight (8) equally spaced measurements of the dis-
play markings for each instrument, control panel or other display. Also make
at least eight (8) measurements of the display background adjacent to the

B-5
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markings. Make separate sets of measurements of pointers and lubber lines.
A1l measurements shall be accurate to within 0.1 footlambert (fL).

(3)4 Fer aircraft instrgments with integral lighting conforming to
MIL-L-27160" and/or MIL-L-25467°, measure stray light using a neutral
diffusing sheet of white paper which conforms with and is perpendicular to the
cocverglass cf the instrument. Reflectance of the paper shal! be 85 +5
percent. Take measurements at a 90° angle to the white paper, 1.25 cm (0.5

in.) in front ¢f the coverglass. Measurements shall be accurate to within 0.1
fL.

(4) When multiple luminance levels are possible, make repeated
measurements across the luminance range from full OFF to full ON.

(5) Mark an illustration of each display with the location of the
measurements taken. This will allow for the accurate repetition of
measurements, if requireg. An example of locations used for measurements may
be founa in MIL-S-22885D", paragraph 4.8.3.5.

b. Data Required. Calculate separate measurements shall be calculated
for display markings, pointers, lubber lines, background, anc ambient
illumination. Calculate the average using the formula:

&x where: Zx
n

the summation of all brightness measurements.

n = the number of measurements.

4.2 Illuminance. Illuminance refers to the amount of light falling onto a
surface (incident light). An example would be the amount of sunlight striking
an instrument panel, As the ambient illumination level approaches the
fuminance level of the lighted display, contrast and readability degrade.
Therefore, it is impcrtant to specify under what illumination conditions
luminance measurements are made. At right, the level of illumination plays an
important role when performing aircrew tasks such as reading instruments when
using the secondary lighting system, map reading using utility or dome lights,
or general tasks using cabin lights. The common unit of measure used for
illuminance is the footcandle. Environmental illumination (i.e., sunlight,
moonlight or starlight) shall be measured whenever other lighting measurements
are taken to document the operational and/or test conditions.

a. Method.

(1) Place the sensor or reflectance standard as close as possible to
the surface being illuminated, and orient it in the same plane. If environ-
mental illumination is being measured, make the measurement in the horizontal
plane.

(2) Collect subjective comments regarding the adequacy of illumina-
ticn from system operators/users by appropriate means (e.g., questionnaires,
interviews, etc.).

b. Data Reguired. Calculate the illumination level by dividing the
luminance of the reflectance stancard by the reflectance factor of the
stangard:

B~6
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Tuminance (fL)
reflectance

I1lumination (fc) =

4.3 Contrast. Contrast refers to the relationship between the luminance of
an obJject, display, or portion of a display, and the luminance of its
irrediate background. Poor display contrast degrades the reaczbility of
markings and negatively impacts operator effectiveness.

a. Method.
(1) Ensure that displays sre powered by the same voltage that is
applied in the operational environment. Failure to apply the correct voltage

will result in 1ight measurements which are not representative of the display
in use.

(2) Make at least eight (8) eaually spaced measurements of the
display markings for each instrument. Also make at least eight (8) measure-
ments of the display background adjacent to the markings. Make separate sets
of measurements of pointers and lubber Tines. A1l measurements shall be
accurate to within 0.1 fL.

(3) . When multiple luminance levels are possible, make repeated
measurements across the luminance range from full OFF to full ON.

(4) Mark an illustration of each display with the location of the
measurements taken. This will allow for the accurate repetition of measure-
ments, if reouired. An example of locations used for measurements may be
found in MIL-S-22885D, paragraph 4.8.3.5.

(5) A method of determining approximate contrast during day
conditions may be accomplished by obtaining the percent reflectivity of the
instrument face, markings, and pointers, using ;he last three digits of the
¢isplay cclor numbers as defined in FED-STD-595, paragraph 5.3.2. This

yields onlv an approximation and should not be used in lieu of the above
procedure.

b. Data Required.

(1) Calculate the luminance contrast (C) between the background and a
figure using the formula in Appendix A.

(2) If in terms of reflectivity, luminance contrast equals the
absclute difference between the higher reflectivity (R;) and the lower
reflectivity (R2) divided by the higher reflectivity.

4.4 Balance. One of the characteristics of a good ccckpit lighting system is
to provide lighted displays that appear to have the same brightness across the
whole cockpit. If an aircraft has unevenly balanced display brightnesses, the
pilot is presented with some displays that are so bright that they are a
source of glare, and others so dim that they are unreadable. Bright cisplays
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interfere with the ability to see outside the cockpit. Dim displays take
longer to read and require the pilot to fixate and stay "inside" the cockpit
for a longer time than may be acceptable. This procedure measures the average
luminance of displays in the cockpit.

a. Method.

(1) Ensure that displays are powered by the same voltage that is
applied in the operational environment. Failure to apply the correct voltage
wi?l result in light measurements which are not representative of the display
in use,

(2) Make at least eight (8) equally spaced measurements of the
display markings for each instrument. Also make at least eight (8) measure-
ments of the display background adjacent to the markinags. Make separate sets
of measurements of pointers and lubber lines. All measurements shall be
éccurate to within 0.1 fL.

(3) When multiple luminance levels are possible, make repeated
measurements across the luminance range from full OFF to full ON.

(4)  Mark an illustration of each display with the location cf the
measurements taken. This will allow for the accurate repetition of
measurements, if required. An example of locations used for measurements may
be found in MIL-S-22885D, para 4.8.3.5,

(5) Collect subjective comments regarding the adequacy of lighting
balance from system operators/users by appropriate means (e.g., guestion-
naires, interviews, etc.).

b. Data Required. To analyze the lighting balance between lighted
displays, compare the mean of each display or area within a aisplay (e.q.,
indicator, pointers, lubber lines, etc.) to all other displays (or areas) to
form a series of pairwise comparisons. If the ratio of two displays (or
areas) is greater than 3:1, the lighting will probably appear out of balance
to the user. MIL-L-85762 requires that the average luminance ratio between
lighted instruments and panels shall be not greater than 2:1.

4.5 Uniformity. Uniformity refers to the evenness of lighting within a
single cisplay. The physical properties of 1ight and the subjective reactions
of system operators/users should be considered. Instruments which are grossly
nonuniform may take longer to read, and portions of an indicator may be so dim
that they are unreadable while other portions are too bright.

a. Method.

(1) Ensure that displays are powered by the same voltage that is
applied in the operational environment. Failure to apply the correct vcltage
will result in light measurements which are not representative of the display
in use,

(2) Make at least eight (8) equally spaced measurements of the
display markings for each instrument. Also meke at least eight (8) measure-
ments of the dicplay background adjacent to the markings. Make separate sets
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of measurements of pointers and lubber lines. A1l measurements shall be
accurate to within 0.1 fL.

(3) When multipie luminance levels are possible, make repeated
measurements across the luminance range from full OFF to full ON.

(4) Mark an illustration of each display with the location of the
measurements taken. This will allow for the accurate repetition of
measurements, if required. An example of locztions used for measurements may
be found in MIL-S-22885D, paragraph 4.8.3.5.

(5) Collect subjective comments regarding the adequacy of lighting
uniformity from system operators/users by appropriate means (e.g., guestion-
naires, interviews, etc.).

b. Data Required. Calculate uniformity of luminance within a display by
dividing the standard deviation of the luminance measurements within a display
by the mean of all luminance measurements taken for that display.

4.6 Sunlight Readability. Sunlight readability is a performance characteris-
tic of a display which erables that display, when energized, to be readable in
the worst-case direct sunlight ccnditions. The dispiay must be readable
regardless cf the display orientation or the location of the sun, including
the glare angle wherein the sun is shining directly onto the display. It is
also required that under these same severe sunlight conditions, that displays
which are not energized shall not appear energized or produce a ghost image.

a. Method.

(1) Arrange luminance measuring equipment and displays under
evaluation as specified in MIL-S-22885, paragraph 4.8.3.5.

(2) Direct a light source having a color temperature of 3,000°K to
5,000°K at an angle of #, = 15 + 2 degrees to the normal of a diffuse
reflectance standard of At least 80% reflectivity. Limit the size of the
light source so that it projects light in an area less than or eagual to 6=20
degrees. Position a photometer at an angle of ¢2 = 15° *# 2° to the normal of
the reflectance standard. (See fig. 2).

(3) Adjust the Tight source to produce 10,000 fc illumination on the
reflectance standard as measured by the photometer. Remove the reflectance
standard and replace with the viewing surfaces of the display to be tested.
Using this test configuration, measure the luminance of the legend, both
illuminated and nonilluminated, pius that of the adjacent background areas.
Take three luminance readings per legend character.

(4) Observe the display to be tested in the cperational environment
to determine under which conditions the display is subjected to direct
sunlight or other light sources. Note the impact of direct sunlight on
readability. Measure illuminance of the display for each observation.

b. Data Required. Calculate the contrast (C) of the display using the
formula 1n Appendix A.
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{MOT DRAWN TO SCALE)

NORMAL

REFLECTANCE STANMaR2D
(REPLACED BY VIEWING
SURFACE OF CISPLAY
AFTER ADJUSTMENT OF
LIGHT)

E=LIGHT SOURCE
P=PHOTOMETER

Figure 2. Specular reflectance test for readability
(Adapted from MIL-S-228850, figure 8)
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4.7 Display Color (Chromaticity and Spectral Radiance). Color is defined as
that characteristic of light by which a human observer may distinguish between
two structure-free patches of light of the same size and snape. Color can be
quantified by determining the tristimulus values of the light (the amounts of
each of the primary colors of light required to match the color of the light
in auestion), Chromaticity and spectral radiance are of extreme importance
for NVG compatible ceckpit Tighting systems.

a. Methed.

{1) Procedures for determining X and Y values for chromaticity
should conform to the requirements of MIL-L-85762, para 4.8.13, or
MIL-L-25050, para 4.4 and 4.5, as appropriate. Spectral radiance requirements
for NVG compatibility shall conform to MIL-L-85762, para 4.8.14,

(2) An alternate (less precise) method for determining the
conformance of instrument and panel lighting (IPL) red liggted displays to
stated criteria is contained in MIL-L~25467 and MIL-P-7788~ called the color
ratio method. This method is not endorsed and should only te used when the
facilities for measuring the "X" and "Y" values are not available, and
approximate data are sufficient.

b. Data Required. Data required is as stated in the appropriate speci-
fications cited above.

4.8 Night Vision Goggle Compatibility. The purpose of using night vision
goggles (NVG) in an aircrew station 15 to enable the aircrew to operate in the
terrain fligh* environment (nap-of-the-earth, contour, low level) at night
without the use of artificial illumination. NVG compatibility is functionally
defined as the characteristic of a lighting system that allows the crew to
acquire information (e.g., read instruments) inside the ccckpit without
cegrading the performance of the NVG when looking outside the cockpit.

a. Method,

(1) NVG compatibility tests may be conducted in a controlled labora-
tory environment using artificial illumination, or at a field site that has no
artificial illumination or artificial lights within view. The method using
the field site is preferred since it is a representative cperating environ-
ment, but environmental conditions may vary during the test. Conduct the test
on open, level terrain with at least 500 feet of space available in front of
the aircraft. The aircraft must have a fully operational lighting system.
Schedule the conduct of the test should be scheduled so that weatner con-
ditions are clear and moonlight illumination is appropriate as defined in
criteria documents. Radio communication between the observer and data
collectors may be needed.

(2) Using Landolt C-ring targets. This is the preferred method for
testing NVG compatibility, although it 1s the most time-consuming method, and
requires more eauipment and resources. This method contains sufficient con-
trols to prevent "cheating" on the part of observers, and easily deals with
differences between observers.

(a) Test participants should be dark-adapted and experienced in
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the use and operation of NVG. Set the cockpit lighting system so that all
displays are quickly and easily legible. Energize master caution/warning
1ights with at least twe caution or warning annunciations ernergizec. cnergize
multipurpose displays and display the "page” that emits the greatest amount of
light. Include video displays used for target acquisition. Have the test
participant/observer don the NVG and adjust the device for cutside viewing
Tocused at infinity.

(L) Mount the Landolt C-ring on a device that will present the
observer with a stable image as it is moved toward him. Place the Landolt
C-ring far enough away so that the gep in the "C" is not resolvable. Orient
the gap at the top, bottom, left or right of the target (12-,6-,9-,or 3-
c'clock position), ensure that the “C* is centered on the target, and the
target is square so that no extraneous cues are available. Slowly move the
target closer to the observer until the gap is resolved, and measure the
target-to-observer distance. Disregard incorrect responses ana repeat the
trial with a reoriented gap. Repeat this procedure for at least 10 trials,
reorienting the "C" gap in a random fashion for each trial.

(c) Extinguish all cockpit lighting and repeat the above pro-
cedure for the "lights-off" condition using the same observer.

*(d) Use at least six observers while 10 or more are preferable.
The order of presentation should be counterbalanced such that half the
observers experience the "lights-on” condition first, and the other half
experiences the "lights-off" condition first.

(3) USAF 1951 resolvinag power target. This technique is faster and
more economical than the procedure above, but there is a lack of control over
observer response and if more than one observer is used, there is no specified
method for interpreting nonidentical results.

(a) Set the cockpit lighting system at 0.1 fL as specified in
MIL-L-85762, paragraph 3.10.9.1.1. Place the USAF 1951 medium-contrast
resoiution resolving power target as specified in MIL-L-85762, peragraph
4.8,2, such that an observer wearing an Aviator Night Vision Imaging System
(ANVIS) within the aircraft is just capable of resolving an element in a
target group midway between the largest and smallest target groups on the
resolution chart.

(b) TIlluminate the resolution target 50, ghat the ANVIS radiance
from the white portions of the target equals 1.7 x 10 ANVIS radiance (AR).

(c) View the resolution chart again with all aircraft lighting
extinguished. If the observer wearing NVG can resolve a smaller element on
the chart with the lights extinguished, record this difference.

4,5.3 Data Required

(1) Landolt C-ring Targets. Analyze the target-to-observer distances
u:ing a treatments-by-subjects (repeated measures) analysis of variance
(ANOVA). If the ANOVA indicates that at the 0.C1 confidence level, there is
no significant difference in the "lights-on" versus "lights-off" conaiticn,
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then the aircraft lighting system is not degrading NVG performance, and the
criterion has been met.

(2) For USAF 1951 resolving power target, if all observers wearing RVG
can resolve the same element in the "lights-on" as in the "lights-off"
condition, the aircraft lighting system is nct degrading NVG performance, and
he critericn has been met.

4.9 Crewstation Reflections. An optimal crewstation lighting system will
provide sufficient Tight to support information transfer without causing
objectiorable glare frem light sources, or reflections on the cockpit canopy,
windshields, or cide windows. Controlling reflections can be accomplished by
limiting light levels, shielding, optimizing windshield angles, or other
means.

a. Method.

(1) An observer sits at each crewstation and notes the presence of
reflecticns on each crewstation transparency. Make observations with all
Tighted components operating at full rated voltage. Make a second set of
observations with dimming controls set to the minimum level required for quick
and easy readability.

(23 Record each set of observations on an external vision plot (see
MIL-STD-850°) of the cockpit transparencies. "Map" the location of each
reflection on the vision plot as accurately as possible. Also record the
source of each reflection. Pay particular attention to reflections caused by
video displays, multipurpose displays, keyboards, liquid crystal displays,
heads-up displays, or other electro-opticai devices used in the crewstation.

(3) Energize light sources that are energized only cn a provisional
basis (e.g., caution, warning or advisory lights, IFF lights, threat warning
displays) to determine the presence of reflections. If the display cannot be
energized, display luminous intensity may be simulated by placing a white
diffuse reflecting material (e.g., white paper) on the display surface and
illuminating the surface at the appropriate 1ight level. Note the presence of
reflections.

(4) When possible, make all observations from the aircraft design
eye position. If the design eye point is not obtainable from a normal flying
position, make observations using participants as close as possible to the
5th, 50th, and 95th percentile male and female, as appropriate.

b. Data Required. Present reflections on the external vision plot to
chow the extent and location of external scene obscuration.

4.10 Lighting Mock-up Evaluation. The purpose in a lighting mock-up evalua-
tion is to check for gross problems with cockpit lighting, its integration
with cockpit geometry and layout, and to assure that 1ighting will support the
intended missions of the aircraft system.

a. Method.

(1} Prior to entering the mock-up, the evaluatcr must be thcroughly
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familiar with the aircraft system's missicn, crew requirements, operating
environment, control/display technology being used, and details of the cockpit
iayout so that time spent in the mock-up is productive (see Appendix C).

(2) Make evaluations from each crewstation and, if applicable, from
passenger station.

(3) Make day/sunlight readability evaluations first using the arti-
ficial sun. Evaluate the readability of all primary displays, target acquisi-
tion systems, mission equipment, warning/caution systems, and other displays
needed during day flight.

(4) Conduct night evaluations only after at least 20 minutes of
dark adaptation. NVG compatibility evaluations may be made using the USAF 1951
resolution targets as specified in paragraph 5.8 above. Evaluate the place-
ment of displays using the NVG lock-under capability.

(5) Check for unlighted displays, insufficiently lighted displays,
nocndirmable displays, giare sources, or unnecessarily lighted displays.
Exercise all dimming controls ancd check each individual display for lighting
uniformity. Exercise all dimming controls and check for lighting balance
across the cockpit.

(6) Evaluate windshield/canopy reflections as specified in
paragraph 4.9 above.

(7) Check that display marking schemes are compatible with lighting
(e.g., a color or shape coded marking that is obvious durirg the day may not
be discernable when lighted at night).

(8) Exercise all systems that are potential glare sources at night.
For example, a CRT used by an observer for target detection mav be a glare
source for the pilot if proper shielding is not available.

(9) From cutside the cockpit, view lighted displays and the
crewstation to detect any light scurces that may degrade the visual signature
of the aircraft.

b. Data Reauired. Discuss evaluations in narratvive form with specific
findings and recommendations. Shortcomings should be related to mission
effectiveness if possible.

5. PRESENTATION OF DATA

For each subtest compieted, compile the results and compare tu the stated
criteria (see APP B). Present the data in tabular or narrative form as appro-
priate. Discuss nonconformity to the criteria and/or other specific problems
noted in regards to the impact on system effectiveness. Give particular
attention to safety implications, if any.
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APPENDIX A
DEFINITIONS

Balance - refers to the evenness cf lighting across multiple
displays governed by the same brightness control. The physical
properties of light and the subjective reactions cf system cperators/
users should be considered. If lighting is nct balanced, sections of
a display/control panel may be too bright or too dim when another
section, using the same brightness control, is adjusted for operator
use. This can impact operational factors such as windshield
reflections, system operability, night vision goggle compatibility.
etc. In addition, imbalanced control/instrument panels may take
longer to read and/or scan. The terminology for this characteristic
has not been standardized. In MIL-L-85762, the comparison of iighting
between different displays is referred to as uniformity.

Brightness - refers to the intensity of visual sensation which results
from viewing surfaces or spaces from which 1ight comes to the eye.
The sensation is determined in part by the measurable lumirance,
illuminance, and or reflectance properties of the surface viewed and
in part by the conditions of observation such as the adaptation state
of the eye.

NOTE: In many documents the term brightness is cften used when
referring to the measurable luminance. While the context usually
makes it c'ear as to which meaning is intended, the preferable term
for a measurable quantity of light is luminance (or luminous intensi-
ty), thus reserving brightness for the subjective sensation.

Candela - the international unit of lumirous intensity in a specified
direction. One candela is one lumen per steradian, or 1/60 the
intensity of a square centimeter of a black body radiator operatec at
the freezing point of platinum (2047°K). Formerly, candle.

Chromaticity of a color - the dominant or complementary wavelength and
purity aspects of the color taken together, or of the aspects
specified by the chromaticity coordinates of the color taken together.

Contrast {luminance contrast) - the relationship Detween the luminances
of an object and its immediate background,

When: L, = the average background luminance of the display sur-
face in areas adjacent to therefore visually contracted
with activated display image elements

L, = the average luminance of activated display image
eTements

L, = the average luminance of deactivated display image
elements
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then:
¢, .2t |t
L by
for contrast of a lighted (activated) display
¢, 2t ‘e
L3 L3

for contrast between a lighted (activated) display image
element and the same element unlighted (deactivated)

L, - L L

N
Cu] - i 1 _ [31

1 1
for contrast of an unlighted (deactivated) display image
element.

Footcandle (fc) - A footcandle is the unit of measure for surface
illumination of light striking each and every point on a segment of
the inside surface of an imaginary one-foot radius sphere with a
1-candela source at the center. One footcandle is the illumination on
one square foot of surface over which is evenly distributed one lumen.
Cne footcandle equals one lumen per square foot.

Footlambert (fL) ~ A unit of Tuminance equal to that of a perfectly
diffusing and reflecting surface illuminated by one footcandle.

I1luminance - The density of light flow incident on a surface; it is the
quotient of the amount of total light divided by the area of the
surface when the surface is uniformly illuminated. The common English
measurement for illuminance is the footcandle (fg). The metric
measurement is lumens per meter squared (Im . m ).

ITlumination - the act of illuminating or being illuminated.

Lumen - unit of luminous flux. Radiometrically, it is determinea from
the radiant power. Photometrically, it is the luminous flux emitted
within a unit solid angle (one steradian) by a point scurce having @
uniform luminous intensity of one candela.

Luminance - the amount of Tight per unit area reflected from or
emitted by a surface. The light may be measured when leaving, passing
through, and/or arriving at a surface. The common English unit of
measure for luminance is the footLamEert (fL). The metric measurement
‘¢ jumens per meter squared (Im . m ).

Luminous Intensity - the density of light flow per unit solid angle in

the direction in question. Lumincus intensity may be expressed in
candelas or in lumens per steradian.
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Photometer - An instrument for measuring photometric quantities.

Reflectance of a Surface or Medium - The ratio of the reflected light to
the incident light.

Spectral Radiance - Radiant energy per unit wavelength interval at a
given wavelength.

Uniformity - The evenness cf lighting distributicn within a display.
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APPENDIX B
CRITERIA

The criteria listed in this appendix serve as appropriate guidelines
against which lighting tests are conducted. Specific test requirements docu-
mentation should also be consulted.

1. Display Luminance

a. AKN/AVS-6 (ANVIS) Night Vision Goggle Compatible Displays -
MIL-L-85762, para 3.9.10.1.

b. Cathode Ray Tube Displays -
MIL-HDBK-759A, para 1.2.4.2.1.

c. Caution, Warning and Advisory Lights -
MIL-STD-411D, para 5.1.

d. Control Panel Assemblies -
ﬂL-P-7788E, para 3.5.3 and 3.5.4.

e. Dot Matrix Segmented Displays -
MIL-STC-1472C, para 5.2.6.8.8.

f. Head-up Displays -
MIL-STD-1472C, para 5.14.1.1.5.2.

g. Indicator Lights -
MIL-HDBK-759A, para 1.2.2.3.3b.

h. Legend Lights -
MIL-STD-1472C, para 5.2.2.2.3.

i. Light Emitting Diodes -
MIL-STD-1472C, para 5.2.6.7.3.

Jj. Red Lighted Aircraft Instruments -
MIL-L~25467D, para 3.3.8 and 2.3.9.

k. Stray Light -
MIL-L-25467D, para 3.3.9
MIL-L-27160C, para 4.5.5.5.

1. Transilluminated Displays -
MIL-STD-1472C, para 5.2.2.1.9 and 5.2.2.4.4,
MIL-HDBK-759A, para 1.2.2.1.7 and 1.2.2.4.4.

m. White Aircraft Lighting -
MIL-L-27160C, para 3.3.5.
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2. 17luminance

Secondary Instrument and Display Lighting -
MIL-L-6503, para 3.3.2.2
MIL-L-85762, para 3.9.10.2.

3. Contrast

a. AN/AVS-6 (ANVIS) Night Vision Goggle Compatible Displays -
MIL-L-85762, para 3.10.2.1.

b. Panel Assemblies -
MIL-P-7788E, para 3.4.3.4.

¢. General -
MIL-STD-1472C, para 3.17.

d. Legend Lights -~
MIL-HDBK-795a, para 1.2.2.2.8.

e. Red Lighted Aircraft Instruments -
MIL-L-25467D, para 3.3.13.

f. Scale Indicators -
MIL-STD-1472C, para 5.2.3.1.8
MIL-HDBK-759A, para 1.2.3.1.5.6.

g. Transilluminated Displays -
MIL-STD-1472C, para 5.2.2.1.12
MIL-HDBK-759A, para 1.2.2.1.7b.

h. White Aircratt Lighting
MIL-L-27160C, para 3.5.

4, Balance

a. AN/AVS-6 (ANVIS) Night Vision Goggle Compatible Displays -
MIL-L-85762, para 3.10.11.

b. General -
MIL-STD-1472C, para 5.2.1.2.2
MIL-HDBK-759A, para 1.2.1.2.

c. Red Lighted Aircraft Instruments -
MIL-L-25467D, para 6.4.

5. Uniformity

MIL-STD-1472C, para 5.2.1.2.2
MIL-HDBK-759A, para 1.2.1.2.
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6.

7.

Sunlight Readability

a. AN/AVS-6 (ANVIS) Night Vision Goggle Compatible Displays -
MIL-L-85762, para 3.10.2.

b. Cauticn; Warning and Advisory Lights -
MIL-STD-411D, para 5.1.

c. Lighted Pushbutton Switches -
MIL-S-22885D, para 3.40.

Display Color

a. AN/AVS-6 (ANVIS) Night Vision Goggle Compatible Dispiays -
MIL-L-85762, para 3.10.8 and 3.10.9.

b. Cathode Ray Tube Displays -
MIL-HDBK-759A, para 1.2.4.2.6
MIL-L-85762, para 3.10.8 and 3.10.9.

c. Control Panel Assemblies -
MIL-P-7788E, para 3.5.2.

d. Dot Matrix Segmented Displays -
MIL-STD-1472C, para 5.2.6.8.7
MIL-HDBK-759A, para 1.2.6.2.3.3.6.

e. General Requirements -
MIL-L-25050A, Warninc, Caution, and Advisory Light
MIL~-STD-411D, para 5.1.1.1, 5.1.2.1, and 5.1.3.1.

f. Indicator Lights -
MIL-STD-1472C, para 5.2.2.3.3.

g. Legend Lights -
MIL-STD-1472C, para 5.2.2.2.2 and MIL-HDBK-795A, para 1.2.2.2.4.

h. Light Emitting Diodes -
MIL-STD-1472C, para 5.2.6.7.4.

i. Low Light and Dark Adaptation
MIL-STD-1472C, para 5.2.1.2.1.1
MIL-HDBK-759A, para 1.2.1j and 1.2.1.1.

j. Red Lighted Aircraft Instruments -
MIL-L-25467D.

k. Transilluminated Displays -
MIL-STD-1472, para 5.2.2.1.18
MIL-HDBK-759A, para 1.2.2.1.
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1. White Aircraft Lighting -
MIL-L-27160C, para 3.3.4 and 3.4.

8. Night Vision Goggle Compatibility

MIL-L-85762, para 3.4, 3.10.3.
9. Crewstation Reflections
a, MIL-L-85762, para 3.10.12.
b. MIL-L-6503H, para 3.3.
10. Lighting Mock-up Evaluations
MIL-L-85762, para 3.4.

TOP 7-2-512
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APPENDIX C
LIGHTING MOCK-UP EVALUATICN

e
»

Overall Cockpit Review

Complete a generalized cockpit inspection for adequacy of the follow-
ing:

a. Non-dimmable displays

b. Sources of glare

¢. Unlighted controls/displays
d. Windshield reflections

e. Color coding scheme

f. Map lights

g. Dome/compartment lights

h. Lamp replacement

i. Lamp redundancy

j. Amount of stray light

2. Control/Instrument Panel Review

Ccmplete an inspection of each separate control, instrument pane] or
logical grouping of controls and displays for adequacy of the following:

a. Apparent balance of lighting between displays in the panel or group-
ing

b. Lighting balance throughout range of brightness control
c. Range of brightness control

d. Smoothness of brightness control

e. Number of brightness controls

f. Brightness control scheme (association of brightness controls and
items lighted)

g. Unlighted controls and/or displays

h. MNon-dimmable 1ight sources
i. Lighting color uniformity throughout grouping

B-22

”




25 February 1988 TOP 7-2-512

3. Individual Display Review

Complete an inspection of each individual display for adequacy of the

following:

a.

g.

Readability

(1) Bright shafting sunlight

(2) Diffuse daylight

(3) Night

Display brightness

Brightness control and range

hpparent uniformity of brightness in all parts of the display
Discriminability of shape and/or coior coded markings

Control of stray light

Apparent contrast of markings to background

4, Special Displays

Complete an inspection of each of the following special displays for

adequacy of those attributes listed.

a.

Warning/Caution/Advisory System

(1) Adequacy of master warning and/or master caution audic cues in

association with lighting cues

vision

lighting conditions including bright shafting sunlight

(2) Display brightness

(3) Placement of warning/caution lights within central cone of

(4) Acknowledge system

(5) Readability of warning, caution, and advisory messages in all
(6) Overlay of messages on CRT, HUD, or other displays

(7) Glare caused by warning, caution, and advisory lights
(8) Display contrast
B-23
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CRTs/Multipurpose Displays

(1) Flicker

(2) Jitter

(3) Glare

(4) Brightness range

(5) Reflections on display surface
(6) Readability

(7) Viewing. distance

(8) Symbol line height/width ratio
Head-up Displays

(1) ' Readability

(2) Field-of-view

(3) Symbol height/width ratio

(4) Viewing distance

(5) Symbol brightness

(6) Brightness range

(7) Lighting uniformity

(8) Reflecticns on display surface
Vertical Tape Displays

(1) Display brightness

(2) Glare

(3) Brightness range

Digital Displays

(1) Readability

(2) Character size
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(3) Brightness range

(4) Speed of character changes
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APPENDIX D
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2. MIL-L-85762, Lighting, Aircraft, Interior, AN/AVS-6 Aviator's Night Vision
Imaging System (ANVIS) Compatible, January, 1986.

(9]
.

MIL-C-25050A, Colors, Aeronautical Lights and Lighting Equipment, General
Requirements for, September, 1971.

4, MIL-L-27160C, Lighting, Instrument, Integral, White, General Specifica-
tion for, March 1972.

£. MIL-L-25467D, Lighting, Integral, Red, Aircraft Instrument, General
Specification for, July, 1977.
6. MIL-S-22885D, Switches, Push Button, Illuminated, General Specification

for, January, 1983.
7. Federal Standard No. 595a, Colors, March, 1979.
8. MIL-P-7788E, Panels, Information, Integrally Illuminated, April, 1979.

9, MIL-STD-850B, Aircrew Station Vision Requirements for Military Aircraft,
November, 1970.
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